
L
ORESU-G-70-002 c. 2

OREGON:



r
ncreased development of the Oregon coast for
domestic housing, recreation, and industry
makes it economically important to understand

processes of coastai erosion and deposition. Of all
the erosional processes, iandsliding is undoubtedly
the most important. Landslides occur along 70 of the
150 miles of northern Oregon coast from the Colum-
bia River to Florence.







For coastal landslides the toe usually is in direct
contact with the ocean. When a slide reaches the

ocean, waves immediately begin to act on the toe,
removing the finer material and leaving larger boul-
ders and cobbles to outline roughly the original toe.
Where slide toes are composed of smaller fragments,
wave activity may carry away most of the toe mate-
rial. This produces a wave-cut cliff in what was
formerly the bottom or foot of the slide. The cliff is
often backed by a gently sloping bench; the surface
upon which the slide moved is located beneath this
bench.

Landslides occur where shearing stresses within
materials exceed shearing resistance. It is the failure
of material under gravity-induced shear stress that
permits materials to slide down the slope. The actual
mechanism of slide development has been described
by geologist H. G. Schlicker this way:

"External causes of landslides are due to the

undercutting of the toe of a slope  oversteepening!,
addition of weight from embankment material or
waste deposited along the upper edge of the
slope, and from added weight of increased mois-
ture content. Earthquakes or vibrations can be a
cause and there is no doubt that vibrations from

any source may 'trigger' a slide.

"Internal causes of landslides are due to water

in the ground. The ground-water produces both
immediate and progressive decrease in shear
strength of the soil. Immediate decrease of shear
strength is generally caused by increase in pres-
sure from water in the voids. This pressure is anal-
ogous to the forces exerted by a hydrostatic' head.
Seepage pressure is a force exerted by ground-
water flow due to the viscosity of water moving
through minute passages in the soil. Continued
seepage through slopes expels the air and ap-
parent cohesion between the soil particles is elim-
inated, further weakening the soil. Although this
mainly concerns conditions of rapid drawdown in
reservoirs and stream channels, it is also true of

' Refers to the height of a cofumn of water under a g/ven unit
of pressure.



saturated soils below the water table.f Progressive
decrease in shear strength results from removal of
the soil binder and chemical decomposition of the
mineral grains by ground-water action.

"As the shearing forces approach the shear
strength of a soil mass, certain sections fail by re-
arrangement of the soil grains and the formation
of hairline cracks, Excess water in the disturbed

soil is forced into other sections of the soil and

failure of the soil mass continues as if by chain
reaction. When the shear strength along a possible
slide plane is reduced sufficiently, the entire mass
becomes mobile and a slide occurs. At the moment

a slide begins, the shearing forces are but slightly
greater than the shear strength of the soil, but
sliding causes a reduction in strength of 20 to 90
percent, depending on the sensitivity of the soil.
Movement of the slide rapidly increases as the soil
loses its strength. As the slide progresses, the
driving force is reduced through reduction in slope
and mixing of the slide material with more stable
foreign soil. When the resisting force again is equal
to the shearing force of the soil the movement
passes from sliding into slow creep. The surface of
an old slide is particularly susceptible to the effects
of excessive rainfall, since numerous deep fissures
provide easy entrance for water and drainage is
greatly disrupted,""

When a slide stops moving, equilibrium between
gravity and the slide material's shearing resistance is
established. Removal of the toe may upset the equilib-
rium by unloading the base, thus permitting repeated
movement of the slide.

One simple method of classifying landslides is by
the nature of the slip surface on which the slide oc-
curs, as shown in Table 1. Places where landslides in
each of these classifications occur are shown on the

fold-out map in the center of this booklet.

f The upper limit of a portion of ground wholly saturated
with water.





Figure 4, Rock
and debris slump.

Figure S. Hlock
and rubble slide.

Figure 6. Rock
fall.

Figure 7. Debris
shiit.



COLUMBIA RIVER

Figure 8. Road
crews have
dumped Nl dirt
and rock in an
attempt to mini-
mize slide activity
near roadway.

Figure Q. A unique
method of slide
prevention. A
home owner has
used old tires as
riprap.

Figure 10, A coast
resort motel has
installed fencing
and plantings to
mfnimise slides ln
a slump area.



Figure if. Dense
foliage  left! and
pfanfdng are two
effective and
inexpensive
means of landslide
prevention.

Figure 12. Tiered
fencing has suc-
cessfully deterred
serious landsliding
near this cliff-side
beach house.

Landslide Distribution along the
Northern Oregon Coast



andslides pictured on the foldout map  under
pages 8 and 9! occur along the portion indi-
cated by the pattern plotted in the offshore

position. Slides are unlikely, although in some cases
possible, along portions of the coast which show
no pattern. Rock types exposed along the coast are
shown along the landward side of the coast on the
map,

No attempt has been made to show the distribu-
tion of terrace deposits,* For more detailed reports
concerning the landslides shown on this map, you
may wish to read "Coastal Landslides of Northern
Oregon" by William B. North and John V. Byrne. It
was published in the Ore Bin, Vol. 27, No. 11, in No-
vember 1965, and is obtainable from the Oregon State
Department of Geology and Mineral Industries, 1069
State Office Building, Portland, Oregon 97201.

' Unconsolidated sands and gravel overlying solid rock.

Summary of Landslide
and Rock Types

L
andslides on the Oregon coast occur as the four

basic kinds: slump, slide, fall, and shift. Each
kind is usually associated with a definite

coastal rock type, Igneous headlands and the head-
land material overlying igneous rocks are most sus-
ceptible to falls, either rock or debris. The resistant
igneous rock is massive, providing few, if any, slop-
ing zones of weakness such as bedding planes upon
which slides can develop. Undercutting is slow and,
when rocks break off, they fall in tabular masses
leaving vertical cliffs. Joints and faults  two types of
cracks!, control the erosion of the igneous head-
lands. These cracks or fractures are zones of weak-

ness that are eroded by waves. Evidence for weaken-
ing along nearly vertical fractures is seen in each
headland. This weakening is particularly prominent
on the western side of Tillamook Head and along
Cape Perpetua.

Sedimentary rocks are involved in each type of
landslide. Deep weathering of the sediments weakens
the rock and makes the cliffs susceptible to under-





utilities has occurred in numerous places along the
narthern coast � natably at Cape Meares near Tilla-
rnook and at Newport.

Coastline erosion in the vicinity of Cape Meares has
been affected by jetty constructian on the north side
of the entrance to Tillamoak Bay. This jetty appar-
ently upset the equilibrium of sand transport by waves
along the coast, causing a starvation of sand in the
area south of the jetty. This has resulted in erosian of
the entire sand and gravel spit, including the Cape
Meares village area. Numerous estimates of erasion,
based on town plat maps, aerial photographs, and
direct observation have been made with regard ta the
rate of coastal retreat. From 1939 to 1961, the south-
ern portion of Bay Ocean Beach was estimated ta
have retreated 500 feet. Closer to Cape Meares, ma-
terials are somewhat more resistant and the coast

retreated 320 feet during the same period. Ouring the
winter of 1960 and 1961, 75 feet was eroded from the
end of a street ariented at a right angle to the coast-
line in the village of Cape Meares. On the basis of
several estimates, the average yearly coastal retreat
has been about 30 feet in the vicinity of the village of
Cape Meares.

Figure 13. Rock-
terrace s/ump
which has de-
stroyed 20 acres
ol lend an
Cascade Head.



In Newport, coastal retreat has been equally
seriaus. Town plats af 1902 and 1912 were used to
indicate former pasition af the sea cliff, Between 19Q2
and 1964, the coastline retreated from 35 to as much
as 49Q feet in the narthern portion of the city. In the
southern part of the city, between 1912 and 1964, the
cliff edge retreated from 40 to 220 feet. In parts of
Newport, the coast has retreated as much as eight
feet annually,

Landslide PI eveniiun

otal prevention of coastal landslides is an
expensive undertaking. Such procedures as
rock bolting, construction of complicated

drainage systems, retaining walls and sea walls, and
buttressing are well beyond the means of the aver-
age property owner. However, where limited steps
have been taken to retard small but economically
damaging slides, the results appear to be well worth
the effort.

In the Oceanlake area of Lincoln City and near
Seal Rack, north of Waldport, attempts are now being
made to control the undercutting of the terrace rna-
terial. Basalt boulders or riprap, piled at the base
of the cliffs serve to weight the cliff base and prevent
outward movement  Figure 14!. Riprap also lessens
the wave impact on the cliff base by providing a
leading edge of resistant material to absorb much
of the wave energy.

On U. S, Highway 101 at 8ailer Say, north of
Depoe Bay, a successful attempt has been made to
prevent waves from undercutting the highway on
the east edge of the bay  Figure 15!, The entire
geological formation at Boiler Bay and the sand
slope beneath the highway has been cavered by
riprap. This inexpensive measure has retarded cliff
recession and probably has saved a section of the
highway.

Grass and low brush planted on slopes hold sand
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";;;:~-;~~swy~vax~zrx~e>+> der s  left! and
stacked piiings
weight the c N
base and prevent
land loss from
sliding.

Figure 15. Riprap
at Boiler Bay
helps to slow
down landslidlng
and to protect
V.S. Highway 701.

Figure 76. Prop-
erty owners with
grass and shrub
plantings on
coastal banks
have had little
trouble with slides



Here is a list of papers and articles for readers
who wish to learn more about landslides;
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I943 at Newport, Oregon"  obs ! Oregon Academy oi Sci-
ence Proc. 'I 31 �943-1947!.
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Angeles, Univ, Southern California Press. p. 11-33.

3. 1964, "An erosional classification for
the northern Oregon coast.' Assn. American Geographers
Annuals 54 p 329-335.

DICKEN. SAlvlUEL N., 1961, Some recent physical changes
of the Oregon coast. Eugene, Oregon, Univ, of Oregon Dept,
of Geography, 151 p.
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prar:tice. Washington, D C, Highway Research Board  Nat.
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and rock falls " American Rwy. Enq. Assn. Bull. 37�77!,
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Oregon, Oregon State Univ., Dept. of Oceariography master' s
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1961, "Geology of the Ecol* State Park landslide area, Ore-
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